ABSTRACT Improving the use of bioctechnological and classical plant resistance for herbivore pest control with less reliance on chemicals critically depends on predictable interactions with secondary pests. Performance of the potato aphid Macrosiphum euphorbiae (Thomas), a secondary pest of potato in eastern North America, was studied on potato, Solanum tuberosum L., lines with traits of potential resistance to primary pests. The lines tested were ÔNewleafÕ, a transgenic ÔSuperiorÕ cultivar expressing the Bacillus thuringiensis Berliner CryIIIA toxin, which is highly resistant to the Colorado potato beetle, Leptinotarsa decemlineata (Say); a transgenic ÔKennebecÕ cultivar expressing rice cystatin I, a protease inhibitor previously shown to inhibit cathepsin like digestive enzymes in the Colorado potato beetle; NYL 235Ð 4, a potato derived by selective breeding following hybridization with S. berthaulthii, with a moderate density of glandular trichomes providing resistance to small insects by contact; and the commercial cultivars Superior and Kennebec used as controls. Transgenic Superior potatoes negatively affected M. euphorbiaeÕs growth and fecundity, in contrast with the OCI potato, which improved aphid performance. The ßight incidence of young alatae of M. euphorbiae that completed development on transgenic Superior was signiÞcantly higher than in aphids from other potato lines. Aphid resistance in the ÔNYL 235Ð 4Õ line was complex and depended on aphid access being limited to leaves, which reduced survival and fecundity. However, when aphids had access to whole NYL 235Ð 4 plants, aphid performance was restored, as they preferentially fed and reproduced on NYL 235Ð 4 stems and apical buds of unfolding leaßets. The results illustrate that the performance of a secondary pest of potato can vary unpredictably, depending on the nature of the resistance factors involved in developing speciÞc resistance to a primary pest.
INSECT HERBIVORE RESISTANCE is an important asset in developing crop protection systems that are less dependent on chemical insecticides. Plants can resist insect feeding by tolerating damage, but the most direct forms of plant resistance are conferred by traits preventing access to plant tissue (antixenosis), or metabolically interfering with its digestion and assimilation (antibiosis), thus reducing herbivore performance and Þtness (Maxwell and Jennings 1980) . Herbivore resistance development in crop plants was traditionally limited to selective plant breeding, but genetic engineering currently allows speciÞc resistance genes from arbitrarily chosen organisms to be efÞciently introduced into plant genomes, to confer a wide variety of resistance factors (e.g., Perlak et al. 1993 , Hilder and Boulter 1999 , Schuler et al. 1999 .
The development of herbivorous insect resistance in crop plants generally is concerned mainly with pests of primary importance to plant productivity. As a consequence, insect resistance may be relatively speciÞc to a few or even a single target pest, which is most evident with the recently developed genetically modiÞed crops expressing Bacillus thuringiensis Berliner toxins (e.g., Perlak et al. 1993 , Schuler et al. 1999 ). However, most crop plants generally are subject to damage by a diversity of insect herbivores, often ranging widely in pest status. Different insect herbivores exploiting the same host plant often have very different host plant relationships, hence can be variously susceptible to resistance mechanisms introduced into crop varieties. Plants that are resistant to primary insect pests are known to affect secondary pests to variable degrees (Price et al. 1980 , Teetes 1985 , Wiseman 1994 , Poppy 1997 . Many studies also suggest that the performance or behavior of secondary pests may change unpredictably when they feed on plants with improved resistance against primary targets (Tingey and Laubengayer 1981; Khan and Saxena 1985; Kennedy et al. 1991; Shieh et al. 1994; Hanzlik et al. 1997; Musetti and Neal 1997; Girard et al. 1998; Douglas 1998a, 1998b ).
The Colorado potato beetle Leptinotarsa decemlineata (Say) is the most important pest of cultivated potatoes in North America (Radcliffe 1982 , McLeod and Tolman 1987 , Hare 1990 , Boiteau 1994 , Boiteau et al. 1996 , Holliday 1996 . The adults and larvae destroy potato foliage, which is a preferred host, thus threatening crop productivity in the most direct way. Controlling the Colorado potato beetle with chemical insecticides has been a persistent problem, hence potato resistance development to the Colorado potato beetle has frequently been considered (Yencho and Tingey 1994, Pelletier and Michaud 1996 , and references therein). Currently, three main sources of Colorado potato beetle resistance in potato are investigated. First, the CryIIIA toxin of Bacillus thuringiensis tenebrionis (Gill et al. 1992 , Perlak et al. 1993 , which is speciÞc to Coleoptera, and has been developed in genetically modiÞed commercial potatoes. Second, cysteine protease inhibitors including rice cystatin I (OCI), whose activity is known to depend on the mildly acidic conditions characterizing the chrysomelid midgut (Michaud 1994 , Benchekroun et al. 1995 . Lecardonnel et al. (1999) reported increased Colorado potato beetle mortality in OCI-transformed potato lines, although we found no Colorado potato beetle resistance in a cultivar ÔKennebecÕ potato transformed with the OCI gene . The third source involves unspeciÞc naturally evolved resistance traits exhibited by wild Solanum spp, such as the glandular pubescence of S. berthaultii, which has been bred into precommercial potato lines (Plaisted et al. 1992, Yencho and Tingey 1994) .
Several species of aphids occasionally or locally infest potato crops, which they damage directly by diverting photosynthate and indirectly by acting as plant virus disease vectors (Radcliffe 1982 , Blackman and Eastop 1984 , McLeod and Tolman 1987 . One important aphid pest of potato in eastern Canada and United States is the potato aphid, Macrosiphum euphorbiae (Thomas), which is widespread and can colonize potato Þelds throughout the season. It is generally of secondary importance, being indirectly controlled by chemical insecticides, which are regularly applied against the Colorado potato beetle (Boiteau 1994) .
Relatively little is known about effects of resistance factors being developed against the Colorado potato beetle, on aphid secondary pests. Leaf pubescence derived from wild Solanaceae, is known to repel and trap small insects. By comparison, the CryIIIA toxin and the OCI protease inhibitor should not affect aphids, based on their known mode of interfering with insect feeding. However, it is not possible a priori to predict all interactions involving these factors in live plant tissues, which may affect plant sap quality as aphid food. Such knowledge should be developed by comparing aphid performance on both plants with and without these factors. Studying these interactions may also be useful to evaluate the potential of resistance factors acquired by genetic engineering (currently monogenic) versus factors introduced by Ôclassical breedingÕ (generally multigenic), which may help choosing forms of potato resistance that best suit the objectives of effective and ecologically sound potato pest control.
The objective of this study was to compare Þve potato lines including three lines with various traits of (actual or potential) resistance to the Colorado potato beetle, as host plants to the aphid M. euphorbiae. Preliminary tests indicated that none of the lines tested was highly resistant to the aphid, hence we were mostly interested in Þnding evidence for relative resistance, which would be revealed by modiÞed behavior or performance. We hypothesized that M. euphorbiae feeding on potatoes with these traits could be affected in different (though not a priori predictable) ways, but mainly through host plant-quality effects on aphid feeding, growth, development, reproduction and dispersal. More speciÞcally, we looked at: aphid survival, development time, adult dry weight and fecundity; host plant selection as expressed by the distribution of aphid progeny by adult aphids among potato plant parts; and ßight tendency among alate adult aphids as affected by host plant quality during development.
Materials and Methods
Host Plants. Five potato lines were used as treatments: (1) the Colorado potato beetle-resistant ÔSu-perior-BtÕ line (ÔNewleafÕ), which is transgenic for the CryIIIA toxin of B. t. tenebrionis; (2) the ÔNYL 235Ð 4Õ parental line obtained from a hybrid of Solanum berthaultii ϫ S. tuberosum, which is partly resistant to Colorado potato beetle and other potato pests in relation to its moderate density of glandular trichomes (Plaisted et al. 1992 , Yencho and Tingey 1994 , Hanzlik et al. 1997 , obtained from the New York Seed Improvement Project, Department of Plant Breeding, Cornell University; (3) the ÔKennebec-OCIÕ line, which is transgenic for the rice cystatin I gene, but is not resistant to the Colorado potato beetle (Benchekroun et al. 1995; Cloutier et al. 1999 ; (4) the ÔSuperiorÕ and (5) ÔKennebecÕ lines, which are commercial varieties used here as controls. Tuber seeds were planted individually in pots (10 cm diameter) containing Pro-Mix ÔBXÕ (Premier Horticulture, Dorval, QC, Canada) soil fertilizer, and grown in a controlled-environment greenhouse. For the experiments, we used young plantlets with a single stem, developed to the four to six expanded-leaves stage.
Insects. A colony of M. euphorbiae was established from nymphs collected in potato plots on the experimental farm of Laval University near Quebec City, Canada. We reared the colony on ÔNorlandÕ potato seedlings in growth chambers at 20 Ϯ 1ЊC, 65 Ϯ 10% RH, and a photoperiod of 16:8 (L:D) h. We transferred the aphid from Norland to each experimental line one generation before testing. Young adult apterous aphids were placed under the above conditions for 24 h on four to six plantlets of each line, and the nymphs were reared to maturity. Adult apterae 0 Ð12 h old or their progeny were used in tests pertaining to adult or immature performance, respectively. The aphids were caged in small, ventilated clear plastic cages, on fully expanded leaves or on whole plants.
Nymphal Mortality and Development Time. We measured aphid development time and mortality rate from birth to adulthood starting with 60 aphids per line. Adult apterous aphids were caged on a potato leaf, and 12 h later, all aphids but one nymph were removed. The plants each with one caged aphid were maintained under controlled conditions in a plant growth chamber under a sine-wave 12Ð22ЊC temperature regime with a 17ЊC day-average, and 65 Ϯ 10%, RH, and a photoperiod of 16:8 (L:D) h. Survival and development were monitored daily at 1000 hours, until all nymphs were either dead or had reached maturity.
Adult Mortality and Fecundity. We determined adult mortality and fecundity on leaves of each potato line, using 20 replicate plants per line. We placed 20 apterous adults (0 Ð12 h old, developed on the same line) each on a caged leaf of a separate plant. The plants were maintained at 20 Ϯ 1ЊC and 65 Ϯ 10% RH, and a photoperiod of 16:8 (L:D) h. Survival and larviposition were checked daily for 7 d, and any aphid progeny were counted and removed daily. Total fecundity was calculated as the number of nymphs produced over the 7-d test.
In a separate experiment, the fecundity of apterous adults was compared among lines by giving aphids full access to a whole plant in larger cages. This test also included a comparison among aphids developed on each experimental line, versus those developed on Norland, the colony host. There were 10 replicates per aphid-background group, and per potato line, each replicate consisting of three newly emerged (0 Ð12 h old) adult aphids, which were released on the apical leaßet of the second fully expanded leaf of a separate potato plant developed to the 4 Ð 6 leaf stage. After infestation, the plants were maintained under above conditions for 7 d, after which we recorded the number, position and distribution of all aphids. We categorized aphid distribution by referring to three general locations: leaves, stem, and stem apices consisting of rosettes of differentiating leaves at the top. The location of aphids on expanded leaves was further categorized according to leaf position along the stem (counting from the top), and the abaxial (upper) versus adaxial (lower) leaf surfaces. Total fecundity was calculated as the number of nymphs produced per original female, over the 7-d test.
Dry Mass. Newly emerged 0-to 12-h-old apterae from each line were killed by freezing. Frozen aphids were dried at 60ЊC for 48 h. The dry mass of each adult aphid was determined to Ϯ 0.001 mg using a microbalance (Mettler Instrument, Hightstown, NJ).
Incidence of Flight. The ßight incidence of adult alatae was repeatedly measured for 10 d after adult emergence, for individuals developed from each potato line. The test consisted of gently releasing each aphid individually on the abaxial leaf surface, on the second or third leaf of an uninfested potato plant of the same line on which it developed. The plant was then exposed to sunlight until the aphid either had taken off the plant or until 60 s had elapsed. The ßight test was replicated with 25 aphids, each one being deposited on a different, uninfested plant. Counts of aphids taking ßight within 60 s were used to obtain trends in agespeciÞc ßight tendency for each line.
Statistical Analysis. All experiments were planned as completely randomized designs with Þve host plants as treatments (Superior-Bt, NYL 235Ð 4, Kennebec-OCI, Superior, and Kennebec). We used a PearsonÕs chi-square test to detect any effect of host plants on aphid mortality and ßight incidence. We used 2-factor analysis of variance (ANOVA) with morph (two levels, alate/apterous), plant treatment (Þve levels) and their interaction to analyze data on aphid development time. For statistical analyses of adult dry weight, fecundity and progeny distributions on leaves, a oneway ANOVA was performed. Percentages of aphids on leaves were arcsine-transformed to satisfy requirements of ANOVA. When the overall ANOVA indicated a signiÞcant main effect at P Ͻ 0.05, the means were compared pair-wise using the Fisher protected least signiÞcant difference (LSD) procedure. All data were analyzed using the statistical software packages, SuperANOVA and Statview (Abacus Concepts, Berkeley, CA) for Macintosh Computers.
Results
Mortality. Aphid mortality from birth to adult emergence was signiÞcantly affected by plant line ( 2 ϭ 46.89, df ϭ 4, P Յ 0.0001). The highest immature mortality (42%) was observed on the NYL 235Ð 4 line (Table 1 ) and occurred at the third or fourth stadium. Mortality up to 8 d into adulthood varied similarly among plant lines ( 2 ϭ 80.26, df ϭ 4, P Յ 0.0001). Aphids on NYL 235Ð 4 frequently abandoned the plant and were observed walking on cage surfaces. By the 11th d, all adult aphids on the NYL 235Ð 4 line were dead, while aphids on Kennebec-OCI were all alive. When the NYL 235Ð 4 line was excluded from statistical analyses (to verify that NYL 235Ð 4 was the main source of variation), there was no signiÞcant difference among potato lines (nymphal mortality, 2 ϭ 4.21, df ϭ 3, P ϭ 0.2396; adult mortality, 2 ϭ 2.65, df ϭ 3, P ϭ 0.4483).
Development Time. Both alate and apterous aphids were produced on all lines. Development time from birth to adult was signiÞcantly affected by the interaction of host plant with aphid morph (F ϭ 5.335; df ϭ n, number of replicate aphids 4, 246; P ϭ 0.0004). Therefore we examined the effect of host plant line separately for each aphid morph (Table 2) . Apterous aphids developed signiÞcantly faster than alates, except on Kennebec-OCI. Development took the most time on NYL 235Ð 4, and this was true of both morphs. The shortest development time was observed on Kennebec-OCI for alates, and Kennebec and Kennebec-OCI for apterous aphids. Dry Mass. The dry mass of apterous adults was signiÞcantly affected by plant lines (F ϭ 82.93; df ϭ 4, 252; P Յ 0.0001). Aphids on the Superior-Bt line were only Ϸ50% as large as those reared on the nontransformed Superior line used as a control (Table 2) . Aphids on the Kennebec-OCI line were the heaviest, their mass being about one third larger than aphids that developed on the nontransformed Kennebec control line. Apterous aphids developing on the NYL 235Ð 4 line reached similar adult dry mass as those on the Superior and Kennebec control lines.
Fecundity. Total fecundity of apterous adults conÞned to mature leaves was signiÞcantly affected by potato line (F ϭ 98.86; df ϭ 4, 95; P Յ 0.0001), being lowest for the NYL 235Ð 4 aphids, and highest for the Kennebec-OCI aphids (Fig. 1A) . Age-speciÞc fecundity of aphids on NYL 235Ð 4 was well below aphids on other lines (trends not illustrated), consistent with all aphids on NYL 235Ð 4 being dead on day 8 (Table 1) .
When adults had access to whole plants, fecundity was also signiÞcantly affected by plant line (F ϭ 13.28; df ϭ 4, 90; P Յ 0.0001), whether or not the aphids had developed on the Norland colony host. The results were similar to aphids on caged leaves, except for NYL 235Ð 4 on which more progenies were produced on whole plants than leaves (Fig. 1B) . Aphids which developed on Norland produced signiÞcantly more nymphs in 7 d than aphids from the experimental lines (F ϭ 29.36; df ϭ 1, 90; P Յ 0.0001). The host plant ϫ aphid origin interaction was not signiÞcant (F ϭ 1.59; df ϭ 4, 90; P ϭ 0.1834), indicating a general effect of aphid origin across all lines.
The distribution of progeny among plant parts for aphids with free access differed among potato lines (Fig. 2) . The majority of aphid progenies were located on leaves, except for NYL 235Ð 4 where the most progenies were located on stem apices. On all lines, Ͼ80% of all aphids were found on the adaxial leaf surface (not shown). The proportion of aphids on leaves versus stems and stem apices varied among lines (F ϭ 22.31; df ϭ 4, 95; P Յ 0.0001), the variation being entirely attributable to NYL 235Ð 4 (Fig. 2) . The distribution of aphids among leaf positions along the stem also differed between lines (F ϭ 8.33; df ϭ 24, 475; P Յ 0.0001). On NYL 235Ð 4, the proportion of aphid progenies decreased inversely proportional to increasing leaf age (downward positions of leaves on the stem). Aphids on the Superior and Superior-Bt lines were preferentially located on the third-leaf, and those on Kennebec and Kennebec-OCI on the second-leaf (Fig. 3) .
Incidence of Flight. Aphid ßight incidence varied with aphid age and potato line (Fig. 4) . Flight increased up to day 3 after emergence, remained stable for 2Ð3 d, and then decreased. On the 10th d into the adult stage, Ͼ 76% of aphids on the Superior-Bt had exhibited ßight compared to Ͻ 28% on other lines. Cumulative incidence of ßight for aphids 10-d-old was signiÞcantly different among lines ( 2 ϭ 27.11, df ϭ 4, P Յ 0.0001), however, when the Superior-Bt line is excluded, variation was no longer signiÞcant ( 2 ϭ 2.43, df ϭ 3, P ϭ 0.4884), showing that behavior on this line accounted for the most variation. Young alate aphids on Superior-Bt were frequently observed walking on the plant or on cage surfaces until day 5 when they tended to settle for good.
Discussion
Factors of potato resistance developed mainly against the Colorado potato beetle affected the potato aphid, as hypothesized; but in each case, speciÞc effects observed could not easily have been anticipated. A surprising result is that Superior potatoes transgenic for the B. t. tenebrionis toxin negatively affected aphid performance and increased their ßight incidence. Aphid performance improved signiÞcantly on transgenic OCI-potatoes, an effect that was not anticipated either. ConÞnement to NYL 235Ð 4 leaves strongly reduced aphid performance, which was predictable based on previous knowledge, but access to whole NYL 235Ð 4 plants revealed only mild resistance to the aphid. Indirect effects of each factor interacting with other plant characteristics most likely affected host plant quality for the aphid, and did so in ways which were speciÞc to each form of resistance.
Host plant quality variations that may have affected aphid performance belong to two categories. First are factors relating to the superÞcial quality of the plant as an aphid microhabitat or shelter, such as leaf pubescence (e.g., van Lenteren 1991, Yencho and Tingey 1994) . Second are variations of the nutritional quality of the plant for the aphid, as determined by the quantity and quality of nutrients, and absence of toxins or antinutrients in potato sap (Chu and Henneberry 1995 , Rahbé et al. 1995 , Sauvion et al. 1996 , Fischer et al. 1998 . Except for NYL 235Ð 4Õs leaf pubescence, available knowledge of the potato lines tested is not sufÞciently detailed for characterization in terms of but a few relevant details. Even for plants genetically modiÞed with a single gene, interactions of foreign protein with native plant biochemicals could affect aphid resistance/susceptibility in complex ways (e.g., Hilder and Boulter 1999) . Such plants represent novel character assemblages, and their ultimate quality in terms of aphid nutrition (or even shelter) must be determined empirically. There is a multitude of potential aphid responses to variation in such factors. For example, the relationship could be indirect via the aphidÕs symbiotic bacteria Douglas 1998a, Douglas 1998 ). For the above reasons, we can provide only tentative explanations and hypotheses regarding the observed effects on the aphid.
The NYL 235Ð 4 potato had access level-speciÞc effects on potato aphid Þtness. NYL 235Ð 4 leaves expressed substantial antibiosis to conÞned aphids, however, Þtness indices on whole plants were not affected. On whole plants, developing leaßets at stem apices were preferred to leaves and stem, and in turn the stem was preferred to expanded leaves. Despite less stem area being available than leaves, the NYL 235Ð 4 stem was more colonized by the aphid than the leaves. In a parallel 2-yr Þeld study (Ashouri et al. unpublished) , aphid densities on NYL 235Ð 4 reached relatively high levels during ßowering (which was most abundant and durable for the NYL 235Ð 4 line), when NYL 235Ð 4Õs ßower buds and stalks became heavily colonized by M. euphorbiae. We conclude that while the leaves of NYL 235Ð 4 are resistant to M. euphorbiae, the whole plant is only partly resistant, especially when bearing reproductive organs.
Considerable work on S. tuberosum ϫ S. berthaulthii hybrids indicates that their resistance to small herbivores is related to physical and chemical factors associated with two types of glandular trichomes which act by feeding deterrence, entrapment and immobilization (Tingey et al. 1982 , Lapointe and Tingey 1984 , Gregory et al. 1986 , Neal et al. 1990 , Plaisted et al. 1992 . Obrycki and Tauber (1984) found that aphid resistance in S. tuberosum ϫ S. berthaulthii clones was directly related to glandular pubescence density. Although our laboratory results do not exclude that buds and stems of vegetative NYL 235Ð 4 plants are superior feeding sites for potato aphids, they more likely indicate that these plant parts may serve as a refugium, where the aphid can reduce contact with glandular trichome secretion. Leaf-limited, partial resistance would imply that by comparison with typical potatoes, NYL 235Ð 4 plants have relatively less surface area available for aphid colonization or colony growth, which could translate in the Þeld as a form of densitydependent resistance to the aphid.
Considering the transgenic lines, it is intriguing that Superior transgenic potatoes expressing the Cry IIIA toxin negatively affected M. euphorbiae. This and related endotoxins of B. thuringiensis are not known to directly affect aphid feeding or nutrition. It must be pointed out that the above results do not conÞrm that toxin was ingested by the aphid. However, expression of heterologous proteins could indirectly affect aphid nutrition in various ways. By creating a new sink for aminoacids, overexpression of B. thuringiensis toxins in transgenic plant tissue may lower the availability of these key aphid nutrients in phloem sap (Chu and Henneberry 1995 , Rahbé et al. 1995 , Sauvion et al. 1996 , Douglas 1998 , Fischer et al. 1998 . Reduced aminoacid availability would negatively affect aphid Þtness, and may also enhance ßight incidence in young alatae by signaling that plant quality is insufÞcient for reproduction. In aphid micro-populations, the proportion of individuals dispersing by ßight in search of new host plants usually increases with aphid density, and decreases with host plant quality. A key life history trait of aphids to survive systematic variability of host plant quality is facultative dispersal by newly emerged alatae (Dixon 1998) . Young alatae will usually take ßight if the host plant is maturing or senescing, but instead will reside and reproduce locally if the plant is young and in good condition Fosbrooke 1973, Dixon 1998) .
However, we observed that the ßight incidence of young alatae was lowest on NYL 235Ð 4 and highest on Superior-Bt (Fig. 4) , which does not correlate with effects of these lines on aphid performance indices. Aphids established, fed and developed more easily on Superior-Bt than on NYL 235Ð 4, but the incidence of ßight was signiÞcantly higher on Superior-Bt than NYL 235Ð 4. Alatae that completed development on NYL 235Ð 4 leaves may have been poorly Þt to take ßight. This would be consistent with the fact that adult aphid mortality was the highest on NYL 235Ð 4 leaves. Those that developed to the alate morph may not have been able to ultimately express any physiological competence for dispersion. They may have been prevented to express ßight behavior because of damage from direct contact with trichomes or trichome exudate. In comparison, the Superior-Bt potato also showed antibiosis toward M. euphorbiae, but clearly ranked superior to NYL 235Ð 4 in allowing alate aphids to mature as functional ßiers.
Flight dispersal and settling-probing behavior are two complementary processes in virus transmission by aphid vectors (Boiteau and Singh 1991 , Bailey et al. 1995 , Dixon 1998 . Shieh et al. (1994) reported that B. thuringiensis-transgenic potatoes did not affect probing by the green peach aphid, Myzus persicae (Sulzer). However, the increased ßight incidence of M. euphorbiae alatae on Superior-Bt suggests more ßight activity in transgenic B. thuringiensis potato crops, which might enhance the risk of spreading virus diseases from infected plants and Þelds.
In contrast with the NYL 235Ð 4 and Superior-Bt potatoes, aphid performance improved on Kennebec expressing OCI, which is intriguing. OCI expression, even at 1% of leaf protein in Kennebec-OCI , does not imply that the inhibitor circulates in signiÞcant amounts in phloem sap. Even if some OCI is present, digestive proteases are not known to be of primary importance in phloem sap feeding by aphids (Klingauf 1987 , Srivastava 1987 . However, Tran et al. (1997) found that the natural potato inhibitors PI-I and PI-II caused mortality and low fecundity in cereal aphids.
To explain superior aphid performance on the OCI potato, one possibility is that the metabolism of the heterologous protein is poorly controlled and characterized by high turnover, which could make free amino acids more available in potato sap, hence favoring aphid nutrition. We previously reported ) that OCI accumulated with age in expanding leaves of Kennebec-OCI, but decreased rapidly with leaf senescence. Interestingly, M. euphorbiaeÕs improved performance correlates with partly similar effects on Colorado potato beetle fed the same OCI-potato . The beetle compensated OCI in its food by modifying its proteolytic proÞle (OCI is speciÞc to only a fraction of its digestive proteases, Brunelle et al. 1999 and references therein), and higher feeding rate. Girard et al. (1998) independently reported similarly surprising observations with OCI-expressing oilseed rape, fed to another chrysomelid, Psylliods chrysocephala L. All available evidence in our group indicates that heterologous OCI expression in potatoes does not confer resistance to L. decemlineata, whereas Lecardonnel et al. (1999) reported increased mortality in some OCI-transformed potato lines. Obviously, more needs to be known of the mode of action of protease inhibitors on aphids and the Colorado potato beetle to comprehend these observations. Finally, our results may be relevant to the potential of ÔchimericÕ or ÔpyramidalÕ resistance development against insect pests of potatoes. It has been suggested to combine B. thuringiensis toxins, protease inhibitors, and other forms of resistance in the same plant (Boulter et al. 1990 , MacIntosh et al. 1990 ) including proposals to control potato pests (Michaud 1994 , Westedt et al. 1998 , Lecardonnel et al. 1999 ). The foliage of S. tuberosum ϫ S. berthaulthii hybrids is variously resistant to the Colorado potato beetle (Plaisted et al. 1992, Yencho and Tingey 1994; A.A. and C.C., unpublished data) , the European corn borer (Hanzlik et al. 1997) , and the potato aphid (this study). This form of potato resistance can be incorporated into commercial potato cultivars (Plaisted et al. 1992) . In theory, pyramidal potato resistance could be effective against L. decemlineata, other defoliators including lepidopterous larvae, and herbivores of the sucking guild including aphids and leafhoppers. However, our studies with a subset of potato herbivores and their natural enemies indicate that even simple monogenic resistance had unanticipated effects. We are yet unable to make predictions about the outcome of pyramiding the few factors that we studied, for multiple-pest resistance development in potatoes. More research is necessary to verify anticipated effects, discover unanticipated ones, and eventually develop a basis for a predictive approach.
